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During the last TCT meeting (11/11/2019) we were at the beginning •
of cycle 166B.  All capsules were isolated with a static gas blend of 
94% neon.   

On 12/23/2019 flow was initiated to capsules 2 – 5 and temperature •
control commenced for capsules 3 – 5 (capsule 2 was left at 94% 
neon because it had no surviving thermocouples).   

As flow was initiated, a surge in fission products was noted in the •
effluent of capsules 2 – 5 (capsule 1 exhaust was kept closed).

Cycle 166B summary 
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Entire test isolated during 
first part of 166B
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Flow restart during last  
part of 166B



Although the inlet and outlet valves to capsule 1 were left •
closed, we have seen evidence that there is a crack on 
the inlet line near the capsule (and maybe the outlet as 
well).  This crack allows fission products to escape into 
the leadout. 

 We arranged the capsule leakage flow to be from •
capsules into leadout, but it appears large amounts of 
fission products can make their way into capsules 2 – 5 
via “backstreaming”. 

Cycle 166B summary (cont) 
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Cycle 166B capsule 4 response to restarting flow
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Gross gamma was ~1000 during 
cycle 166A  (vs 4400 here) 

Increasing the flow to the 
leadout helped, but not much

Sharp gross gamma spike when 
flow was restarted



Cycle 166B capsule 2 response to restarting flow
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We still see excess gross gamma 
compared to cycle 166A (was 1300)

A large difference between inlet 
and outlet flow indicating 
vigorous discharge into leadout

It appears backstreaming is a 
real thing (and not easily 
circumvented)



Mitch Plummer prepared a model using a series of •
diffusion equations to help quantify the backstreaming
effect.

Backstreaming is proportional to Tgas3/2 (the gas •
temperature to the 3/2 power) and increases by a factor of 
five between room temperature and 600oC (approximate 
temperature of thru-tubes where they pass through the 
capsule floor).

As expected, backstreaming is also strongly affected by the •
velocity against which the atoms are moving  

Modeling of the backstreaming effect
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Capsule flow effect



Flow into capsules appears to reflect •
diffusion against the advective 
pressure gradient

Strong gradient (large difference, short 

distance) across slip-joint annulus

Gas velocity in annulus is non-linear 

function of annulus thickness

Diffusion coefficient is proportional to 

temperature, (~Tgas
3/2)

Model as diffusion against ‘leakage’•
flow, with sink term for capsule flow.

Counter-current diffusion
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A 220 liter delay tank was plumbed into the AGR-5/6/7 exhaust •
system during the 167A outage.  After passing through the fission 
product monitors, the effluent from all capsules and the leadout are 
combined, then fed into the delay tank, and then on to the ATR 
stack.   This delays the combined flow by 12 – 18 hours depending 
on flow rate.  

After the delay tank was plumbed in, an effort was made to flush all •
lines and all fission product monitor traps.  During this flushing 
period we were able to get a little flow through capsule 1 (about 1 
sccm) for several days, and completely flushed this trap.

Cycle 167A summary 
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Cycle 167A was a mixed mode PALM cycle, with the first •
five days being at 5 MW lobe power followed by 24 
hours at 20 MW lobe power.     
During the low power phase, we continued to be able to •
push about 1 sccm through capsule 1, which kept the 
leadout clean and the gross gamma (GG) signatures of 
capsules 2 – 5 stayed low.  However, with both the 
power and temperature way below normal, we’re not 
totally sure what to make of this data.
When the power came up to 20 MW, gross gamma on •
all capsules rose rapidly (far above cycle 166A) and the 
Capsule 1 outlet flow went to zero (on its own).  

Cycle 167A summary (cont)

12



Capsule 4 gross gamma during Cycle 167A
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Gross gamma spiked sharply (to 
8000 cps) when we come to full 
power and temperature.  



Ne-23 activation testing to verify 
backstreaming effect (during cycle 168A) 
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Neon supplied to leadout
and capsule 1 inlet line 

(0.7 neon frac)  

Neon supplied to 
capsule 1 inlet 

only

2%/4% neon 
supplied to 

capsule 3

2% neon 
supplied to 

capsule 4

2% neon 
supplied to 

capsule 2



Increasing flow from capsules to leadout reduces 
gross gamma counts and presumably cross-talk
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Leadout pressure 
reduced which 
increased flow 
from capsules to 
leadout

Gross activity in 
capsules 4 and 5 
look good at this 
point



Thermocouple summary as of last TCT meeting 
(11/11/2019) which was the start of Cycle 166B
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Capsule ID Number of TCs 
Remaining 

(11/11/2019)

Comments

5 3 These are the same three thermocouples with which we began 
the test – no failures to date

4 4 These are the same four thermocouples with which we began 
the test – no failures to date

3 4 One TC in the inner graphite fuel holder, and three in the outer 
holder operating at a lower temperature

2 0 Temperature controlled by calculated static gas blend

1 0 Temperature controlled by calculated static gas blend



Current thermocouple status (start of cycle 168B)
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Capsule ID Number of TCs 
Remaining 

(4/20/2020)

Comments

5 3 These are the same three thermocouples with which we began 
the test – no failures to date

4 4 These are the same four thermocouples with which we began 
the test – no failures to date

3 0 One TC lasted through cycle 167A, but failed upon startup of 
168A.  Temperature now controlled by calculated static gas 
blend

2 0 Temperature controlled by calculated static gas blend

1 0 Temperature controlled by calculated static gas blend.  But may 
move to pure helium.  
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